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ABSTRACT 


The use of amplitude and phase shading on a pair 
of concentric piston radiators has been employed as a 
means for controlling the acoustic radiation patterns 
for a small flush face transducer which is intended 
for use as a 75 kHz sound source in the underwater 
tracking of vehicles. A description is given of the 
design,construction and tests of several models of the 
composite piezoelectric ceramic transducer. Results 
inidicate that this appears to be a feasible method 
for achieving a principal design goal of a broad 
beamwidth radiation pattern with a pronounced 
reduction in source level along the transducer axis. 
Some additional developement is needed for achieving a 


configuration which might be optimum for production. 
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Ik INTRODUCTION 


For many years acoustic tracking of underwat2r weapons 
has been achieved by using small transducers mounted on the 
weapon itself. Their transmissions are monitored by arrays 
mounted on the bottom of the test ranges. The test range of 
the Naval Torpedo Station (NAVTORPSTA) at Keyport, 
WaShington has 3 matrix of arrays aounted on th2 sea floor 
which operate at a frequency of 75 Khz and e2ach array 
provides range and bearing infocaation td the shore 


computing station. 


TO ensure accurate tracking whilst oon the tracking 
range,the radiation patt2cno should be of such character to 


insonify some minimum number of arrays on the botton. 


A variety of designs of pinger transducers have been 
used. Pop-out type transducers utilize a small spherical 
piezoelectric ceramic eleaent as the cadiating source. Les 
radiation pattern has b2en considered quite adequate. 
However,it 15 not physically flush with the body of the 
target vehicle. If the target vehicle shouli be a high 
speed modern torpedo,the protruding transducer would 
severely affect the hydrodynamics of th>2 torpedo. 
Transducers flush with th2 body of the torpeds have been 
used in the receat years. According t92 informal 
Communications from personnel at th2 NAVTORPSTA theic 
Operational life has proven to be relatively short. A 
typical radiation pattera for these flush transiucers has 
been provided by NAVFORPSTIA and is attached as Fig. 1. 


An approach to achieving good control of the radiation 
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pattern is the use o€ phas@ and amplitude shading of 
concentric piston radiators. These were studi2i by Shaw 
(Ref. 1) and a scale moiel was built and tested. 


It is the intent of this thesis to develope a phased 
SOncenctric piston tcraasducer for acoustic tracking of 
underwater vehicles. Spesifically,th2 transducec will be 
constructed With the objective of being operationally 
compatibie with the uaderwater canges and physically 
compatible with the extender sections used with exercise 
torpedos at the NAVTORPSTA . 


2 
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Tf. DESIGN CONSIDERATIONS 


The NAVTORPSTA specification for the requir2i radiation 
pattern is attached as fFij. 2. However, from considerations 
of the actual needs foc intensity distribution,this pattern 
is not an Optimaua one. The transducerc's physical 
orientation is such roat thelr main physical axis and their 
radiation axis coincii2 and project from the underside of 
the vehicle toward the oc2an bottom. The design objective 
or this thesis shall be t9 achiave a radiation pattern fron 
the transducer which tends to optimize the distribution of 
the sound energy to the array matrix on the sea floor. fo 
achieve this the cadiation pattern should have t2a2 mininua 
Signal strength directly down the nain axis,with the source 
level increasing with the angle off the main axis. This is 
due to the fact that at any depth the maximum acoustic range 
to an array is the slant cange when the target vehicle ls 
equidistant between the arrays. At and abov2 angles of 
about 70 degrees the signal strength should rapidly decrease 
in order to reduce acoustic coupiing to the frame of tha 
vehicle and to reduce surface raflected sound. The 
re-radiation of the palses from the frame or the surface 
scattered pulses can cause additional range processing 
problemas in the shor2 station computing systen. The 
recommended pattern of Appendix A (Pig. 3 ) would enable the 
receiving arrays to receive a nore constant level of signal 
from the target venhicl2,irrespective of the vehicles 
physical position on th2 cange. fhe justification for this 
Statement is developed in Appendix a. 


In order to ach3eve a radiation pattern whica resembles 


mos OPtin#um one,a configuration of concentric piston 
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radiators has been utilized. The ievelopment here follows 
the work of LCD& Shaw. S5naw (Reference 1) showei how two 
concentric piston sadiators can be phase ani amplitude 
shaded to control the shape of the cadiatioa pattern. 
Computer studies indicated that th2 phase of the relative 
movement of the radiating faces was optimal at 18) degrees. 
The radiating surfaces ar2 at one end of a pair of composite 
longitudinal vibrators which operate at half wavelength 
resonance at the jntenied frequency of 75 Khz. A cross 
section of the intended transducer assembly is attached as 


Fig. 4. 


The physical dimensions of the mounting flange on the 
torpedo extender section cestricts the outside dinensions of 
the transducer assembly housing to those displayei on Fig. 
5. This in turn physically limits the diameter of the outer 
Eadiatang cyHinder. Based on computations using a 
modification of Shaw4s rajiation pattern program (Appendix B 
) and upon the availability of stock piezoelectric ceramic 
elements,the ceranic elenants shown ion Fig. 4 ware selected. 
The material is a lead Zircconate titanate (Channel 5800), 
manufactured by chaanel Industries of Santa 
Barbara,California. The polarization on the out2c ceramic 
1s Pete fadbal dicection.The cylindrical dises are 
polarized along the thickness direction. By joining the 
ground leads of the two radiators and joining the two 
positive leads together ani driving them with the same power 
amplifier source,the effect of the above transverse and 
parallel coupling is that the radiating faces are driven 180 
degrees out of phase. 
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Figure 5 - [TRANSDUCER ASSEMBLY HOUSING 
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Pit. SAPERERENESa SION 


2 ee cee ee oe ee ee ee ee ee eee oe oe 


A. CONSTRUCTION 


There were several practical construstion problems. One 
was that of arriving at dimensions of th2 ceramic and metal 
parts of the composite resonators in order to achieve the 
desired mode of vibration at the desired frequency. A 
second problem was to nount the two resonators to provide 
mechanical stability with acoustical isolation. Tthanges in 
the solutions t9 one problem interact2d with solutions to 


the other. 


The initial design of the enclosure and disensions of 
the radiating face of th2 outer piston are shown in Pig. /7 
aod Pang as Thes2 two plec2s enclose the outer 
piezoelectric ceramic cylinder and pre-stress it py the 
compressional force caused by th2 six joining bolts. A 
crossection of the fjnished transducer assembly is seen in 


Fig 4. 


The mechanical support for the inner vibrator is 
provided by a thin sh2et of steel(8 mils thick) which is 


clamped between the el2neants at the approximate middle 


POLTRC. Since the vibrators ar2 not syanetrical,the 
attachment points are not displacement nodes Loe 
longitudinal vibcatjons. However,this thin sh22t metal is 


reasonably compliant in the transvecs2 direction and appears 
to provide adequate vibration isolation between the two 


resonators. This assymatry was due in part to th2 need to 


Za 





have the radiating fas2s in the same plane. Careful 
repeated adjustments of dimensions were required to obtain 


the desired resonance freyuency and pre-stress. 


Ry Cremtredl “park o£ the construction and assembly 
procedure was t) achieve a good mechanical joint between the 
Top and Base pieces alonj with proper conpressional loading 
Ory the Ceramic element. The effect of a2 small clearance at 
the joint,which results in a multitude OE Spurious 
mechanical resonances,is shown in the electrical admittanc2 
diagram of Pig. 9. The adnittance diagrams in the air and 
ln the water as shown in fig. 10 to 14% were finally achieved 


Wern a goed *Mechanical jolnot. 
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Be. RADIATION TESTS OF TRANSDUCER ASSEMBLY MOD O 


Tests of the radjation patterns for the transducer Mod 0 
aere performed in the NPS anechoic tanks using procedures 
de2scribed in Appendix C. For these initial tests ,only, the 
cylindrical torpedo extender section was not available and 
so the baffle used was a plain aluminum sheet ,octogonal in 


sShape,having a diameter of approximately 12 inches. 


Parameters which wer2 varied for the radiatiodOn pattern 
measurements were: freguency, relativ2 amplitui2 of drive 
to the inner and outer raiiators and nagnitude of drive. A 
representative recording from the x-y recorder 1s attached 
as Fig. 16. It can be seen that for the angles past 90 
degrees (back radiation) there are lobes of considerable 
strength present. Mois J's 7sdue~ to “the small barfla 
employed.It will be seen that these back cadiatioa lobes are 
Slgniricantly reduced when the meaSuremeats are done with 
the transducer assembly in an exercise torpeios extender 
section. The desired reduction in source level along the 


axis was achieved. 


The next step entailed the mounting of the transducer 
assembly in th2 now sealed torpedo extender section. This 
provides a more realistic baffle for the transducer 
assembly,with th2 only difference that the longitudinal 


dimension would b2 longerc in an actual torpedo. 


Figures 17,18 and 19 jive an indication of the effect of 
Creguency change from 64 to 79 Khz on th2 radiation pattern. 
It is seen that at freguencies Lower than th2 resonance 
freguency,the central lobe is relatively higher. TComparison 


or the patterns in th2 extender section with those in the 
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DeoroeDattle Gan be dope with Fig. 15 and Fig. 18. The 
first and most obvious effect was the significant reduction 
of the back radiation lobes that were present with the 
octogonal baffle. Also far better destructive iaterference 
occurred on the main axis. The radiation pattern was again 
examined over a4 band of frequencies. The assymetry of the 
lobes with the extender section is due to the assymetric 
location of the transdus2cr along the length of the extender 


section. 


The study of effects 9f amplitude shading were conducted 
using separate amplifiers to drive the inner and outer 
transducer elements: It was found that the nost optinun 
pattern shape was achiesvei when the drive voltages were 
Ren 6Cone|6C VE 0% Gash other. Fig. 20 is attached to be 
compared with Fij. 1% t> indicate the slight difference 
between the two different kinds of voltage drives. 


Recordings of the cadiation patterns were taken at 
driving voltages of 25 volts peak to peak up t) 340 volts 
peak to peak— in steps) of 35 volts. The ce2sults are 
attached as Fig. 21 t95 Fig 28. [t 15 appacent that the 
radiation pattern deteridrates with increased voltage drive 
and that the transducec assembly is non linear. Tf the 
transducer were linear th2 pattern should be similar in 
Shape but of different strength. This nonlinearity became 
apparent at a voltage drive of 200 volts peak to peak. 


In an attempt to deternine the cause,the innec and outer 
radiators were driven ini2pendantly and then together. it 
became apparent that the outer cing was th2 dominant 
cadiator,which initially s22ned to counter the belief that 
the transverse ekectro-mechanical soup liog was less 
Ciuwerent than the parallel coupling. Also, the back 


Cadiation(90 degrees and jreater) waS greater thao the outer 
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element was driven alone,which was possibly caused by the 
outer cing being more slosely coupled to the housing. The 
most likely cause was believed to be the saturation of the 
SONITE by the oil in the housing which would cause it to 


lose its decoupling properties. 


At this point it was decided to disassemble the 
transducer,examine it for possible structural failings and 
to redesign for improvements. This was don2 and the 


transducer assembly whica resulted was called MOD 1. 


Ducting the examination of the transducer assembly MOD 0 
one of the leads to the c2ramic of the inner piston was 
round to be loose. It could not be determined at the time 
whether this occured duriag the test or was caused by the 
dismantling process,whicsh reguired significant force to 
Shear the Sonite from th2 nousing. As expected ,the Sonite 
Was saturated w#ith oil,jiving credance to the belief that 
the outer cylinder was directly coupled to the housing and 


that the Sonite had lost its decoupling properties. 


This resulted in more attention to the job of sealing 
the Sonite prior to the 49D 1 assembly. 


It was decided to improve the radiation pattern by 
dimension changes of the radiating faces of the inner and 
Outer radiators. A stroager pattern at the larger angles(60 


to 75 degrees) seamed desirable. 
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C. RADIATION TESTIS OF TRANSDUCER ASSEMBLY MOD 1 


Based on a more extensive study of computer calculated 
radiation patterns which permitted comparison of the effects 
of various combinations of radiating face dimensions and 
relative amplitude ,it appeared likely that an improvement 
would result if the outer radius of the outer radiator was 
reduced by one quarter centimeter and its inner radius 
lncreased by one half centimeter. Due to the physical 
construction of Top Piece 4Yod 0,only one eighth centimeter 


could be taken ofk the outer diameter. 


The dimensions of th2 oewly machined [op Piece Mod 1 are 


SaeWW 1n Fig. 29. 


The first tests were of the linearity of response to 
lncreasing drive voltajy2s. Beam patterns were cecorded at 
the resonance frejuency with equal drive voltages applied to 
both elements. Driv2 voltages were changei from 25 
volts(p-p) to 340 volts(p-p). [Typical patteroas are 
presented in Fig. 30,31 and 32. The sound pressure levels 
increase linearly with drive voltage and,to within the 
accuracy Of measurement (a few tenths of a db) over a range 
in excess of 20 1B. The celative amplitudes of tna various 
portions of the beam and beamwidths appear to remain 


essentially independent of drive level. 


The efrect of freyuency change on the beam pattern is 
presented in Fig. 33,434 and 35 in which the drive level was 
at the maximum availabie2(340 volts p-p ) with both elements 
dElven Lae parallel. The effect of a 6 kHz change ia 
frequency on either side of the resonance fregueacy appears 


to cause only minor changes in b2amwidth ani relative 
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amplitude of the central lobe and side lobes. At the 
highest frequency at which data were taken(84 kHz ) there 
was some ceduction in overall beanwidth with a soncomitant 


increase in amplitude of the central lobe. 
It 1S concluded tiat the Mod 1 transducer assembly is 


linear 1n its response with an acceptable beamwidth in the 


12 Khz band centered at its resonance frequency. 
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UNITS IN CENTIMETERS 


Figure 29 - DIMENSIONS OF TJP PIECE 40D 1 
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D. RADIATION TESTS OF [TRANSDUCER ASSEMBLY HMQD 2 


A second redesign of the vibrating system was made with 
two principal objectives: | 
1.A Simpler and easjer t9 machine structure. 


2.-A cesonance frequency of 75 Khz. 


The same ceramics and inner cadiator were to be used. 
The result of this new design is the transducer assembly Moi 


2,whose specifications are shown on Fig. 36. 


The radiating face dimensions are the same as those of 
Mod 1 except that the outer radius was decreased by one 


eighth centimeter. 


Admittance diagrams for the transducer assambly Mod 2 
are attached as Figs. 37 to 39. It was interesting to note 
tnat the objective of lacsrceasing the freguency of resonance 


to 75 Khz was essentjally reached. 


Next the lineapity of the transducer assembly was 
checked py progressively iciving the radiators with a higher 
voltage. The results are slightly different fron the Mod 1 
results but still are scoasidered t5 be satisfactory. A 
Slmilar radiation pattern was recorded for each successively 
higher drive voltage,bdut the difference was that the level 
of sgnal strenjth of th2 minimums progressively increased 
With higher drive. Thes® minimums at plus and minus 10 
degrees off the main axis were at a mean value or 22 db 
below the major lobe strength for the lower drive voltage 
(8.5 MOltS sorts )- As the driving voltage was 
increased,these nulls similarly increased theic strength 


nearly dlinearly,so that when the maxinum of 115 volts ras 


Si 








ew se 
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Was applied they were only 10 db below the major Lobes 
Signal level. Fig... 4) and 41 ace attached to show tae 
Cadiation patterns for the extremities of the driving 
voltages used. It can be noted here that the overall 
beamwidth of Mod 2 iS narrower than that of the Mod 1 


assembly. 


Next,while being driven at a voltage of 115 ras,a series 
of recordings were taken at frequencies ranging from 64 to 
84 Khz. An analysis of these indicates that the 12 db down 
beamwidth again decreas2?s with highec frequency,and as a 
group, the radiation patterns are relatively flat and 


iadicate slight assymetry at the higher frequency end. 


Tests of the effect 2f amplitude shading indicated that 
a petter pattern could be achieved with shading. Tests were 
conducted using separate power amplifiers to dirive each 
radiator. The inner piston was driven constantly at a value 
of 115 volts rms,and the drive to the outer radiator was 
varied aS necessary. [Tt was found that the [ransducer 
Assembly Mod 2 operates nost effectively for our purposes 
when the innec element drive voltage is 1.5 tines that of 
the outer element. Figure 42 shows the pattern due to this 


Shading. 


Some efforts were nade toward achieving 4a better 
electrical impedance matca between the amplifi2rs and the 
transducer elements py the use of series inductors to tune 
out the blocked capacitance of the transducer elenents. The 
admittances at the resonant freguencles were measured and 
the required inductances to tune out the blocked capacitive 
Susceptance for an optimal impedance were calculated. Tt 
was demonstrated that this would indeed improv2> matching. 
Variable inductors designed foc laboratory use were 
employed. Ideally this inductance should be provided by the 


secondary winding of a matchiag transformer whose turas 
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ratio would be such as t) aatch the remaining condjuctance to 
the output of the drivinjy power amplifier. Th2 lack of 
facilities and the tine required to build appropriate 
transformers caused experimentation on this approach to be 


stopped. 
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Figur2 38 - DIMENSIONS ASSEMBLY MOD 2 
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A transducer assemoly has been construct2d with the 
Objective to be compatibl2 acoustically with the underwater 
range at the Navaj Torpedo Station,Keyport and physically 


with the extender sections used with 2xercise torpedos. 


The dimensions of th2 radiating faces were varied with 
the attempt to achieve a radiation pattern as in Fig. 3. 
The shape of the measured radiation patteros show much 
promise The maximum source level of 79 db ref2rence one 
microbar at ome meter was achieved with a peak power input 
of 20 watts. With psBopec impedance matching by the use of a 
transformer and with an appropriate and higher power output 
amplifier it is believed that the transducer assembly can 
achieve an acceptablea source level aod radiation 
pattern-with th2 strongest lopes at about 45 degr2es off the 
Main axis. Since] this tast transducer has a plane face,the 
curved face needed for hyirodynamic compatibility with high 
Speed torpedos could be acieved by an appropriately shaped 
rubber cover. 


It 1s recommended that further experimentation be done 
With this approach using the following steps: 
1.Construct anew Top Pi2ce whose radiating face dimensions 
are Similar to those of 40d 1 assembly but with a shape like 
that of the Mod 2 Top Piece. This should make th2 radiation 
pattern as wide as ths Mod 1 patterns but with the 
Si@plicity of tod 2 construction. 
2-Use Polyalkylene Glycol as the transducer Liquid in 
accordance with Referenc2 2. This fluid is consiiered to be 


better than transfosmer or castor oil as a transducec 
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filuid-especially at high iriving voltages. 

3. Design and build an inpedance matching transformer to 
match the intended power amplifier to the transducer 
assembly. 

4. Conduct experinents on the effects of shading and phasing 
at high power drive. 

5. Conduct final transducer tests at the Acdustic Test 


Facility at the Naval Torpedo Station at Keyport,Wdashington. 
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APPENDIX A 


CONSEDERATIONS FOR BEAM PATTERN 


Prioc to the Specification of the radiation pattern of a 
transducer, it is of interest first to analyze what portion 
of its operational enviroanent should be insonified and then 
to determine th2 source level needed along each direction so 
that an optimum os pcactical pattern reguirenent can be 


specified. 


The transducers ased for acoustic ranging during weapons 
tests must insonify a nuapder of arrays on the bottom of the 
test ranges. For a vehicle positioned a distance D from the 
bottom, tae small2st propagation loss for transalssion of 
sound occurs when the target vehicle and its transducer is 
directly above it. AS the vehicle noves horizontally away 
from the array,the slant range increases with the angle 
between the vertical and the line to the array. [he maxinun 
Slant Ccange and mazximua transmission loss to be considerei 
occurs when the v2hicle 15 equidistant between the first and 
the next array. The fdllowing expression gives the formula 


for transmissioa loss(TL): 


Oo 











Ph = 20) log £ + ar decibels 


where c is the jiistance to the array and a is the absorption 


lass in db per yard. 


If the distance to bottom D 1S considered,the slant 
Tange ©€ can be relatei by the angle THETA between the 


vertical and the array by: 


cr = D/sos (THETA) 


The transmission loss 1s then calculated by 


TL = 20 Log(D/cos(THETA) + a(D/cos (THETA) ) 


A plot of the transmission loss verses the angle fHETIA 
1s shown in Pig. 43 for a target vehicle distance from the 
bottom of D = 600 feet. The distance between arrays is 


considered to pe 25090 yarcds. 


PD OGdeCESenat Enewancays ~can “Ssxpect a hear constant 
sound pressure level when a vehicle is at a particular 
depth,it becomes apparent that the acoustic source level 
must increase with angle off the main axis of the transducer 
-which projects down fron the transducer to th2 bottom of 
the test frange. Fhe jotted line on Fig. 43 indicates how 
the source level should increase with the angle THETA off 
the the transducer axis to compensate for the increasing 


transmission loss. 
From the above analysis one can conclude that it is 
inefficient and not necessary to insonify the test frange 


WLEh a Batation patf&erg as in Fig: 1 and Fig. 2. 


The acoustic power into the water could be reduced 
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Significantly if the radiated energy could be focused into a 
solid angle of 40 to 75 degrees off the main axis. Loecac 
acoustic power could be reduced by 10 ib in the solid cone 
bounded by 40 degrees OLE the transducer axis,the 
transducers acoustic power reguirement would be reduced by 
approximately 25 perrent. The resulting rcadiatido pattern 
would be more efficient than the existing patterns and there 
would pe the adied benefit of a longer operational life due 
to the fact that lowar driving voltages could be used. 
Various target vehicle distance to bottom D have been 
Studied and the resulting recommended radiation pattern 1s 


attached as Fig. 44. 
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APPENDIX B 


RADLTATZON PATTERN COMPUTER PROGRAM 
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APPENDIX C 


MEASUREMENT PROCEDURES 


Ae. VIBRATION MODE IDENTIFICATION 


DUGINGm the. ifdtaaleetesets, won Wod 0,a capasitivemeyne 
displacement probe was used to help identify the vibrational 
modes and,in particular to determine the longitudinal mode. 
A thin resilient gasket 2a the face of the probe permits the 
motion of the radiating face to change the spacing between 
itself and the probe pisk-up' face. This cresalts in a 
Varying capacitance and causes a varying output. The systen 


1s schematically illustrated in Pig. 45. 


By moving the probe around the cylyndrical radiating 
race and observing the changes in probe output amplitude and 
phase (using a LissSajou pattern ), the longitudinal mode was 


identified. 
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Be. ADMITTANCE DIAGRAMS 


Throughout the design and construction phase electrical 
admittance measurements were taken uSing a DRANETZ (Model 
100-C ) ADHITTANCE METER in order to be able to determine 
the mechanical resonanses of the vibrating systen of 
concern. The mechanical c2sonances, may they be radial, 
thickness or lLoagitudinal modes- are indicated on the 
admittance diagram as a point of maximum conductince. the 
combination of this techalgue to find various freyuencies of 
mechanical resonance and the vibration aode identification 
mentioned in the previsdus section resulted in a methodical 
and accurate method to identify the desired resonant 


frequencies. 


Admittance diagrams were generally mad@ sovering a 
rrequency range of 20 ts 100 Khz and the measurements were 
made both in watec and airc to determine the effect of the 
different radiation lJmpedances offered by these mediums. 


Fig. 46 is attached to provide a schematic of the 


eguilpement used. 
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OSCILLATOR DRANE TZ X-Y RECORDER 


ADMITTANCE aa 


METER 


TRANSDUCER 


Pigure 46 - EQUIPMENT POR ADMITTANCE MEASJREMENT 
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Ce. BEAN PATTERN MEASUREMENTS 


Fig. 47 is attached to give a schematic diajram of the 
eguipment used during the peam pattern measurements. ALL 
the meaSurements were mai2 in the anechoic tanks of Spanegal 
Hall Rm. 025. Pulsed transmissions were used in all cases 
so that the direct path pulse could be separated in time 


from the surface reflected pulse. 


For the ease of plotting , the transducer assembly was 
rotated continually at six degr2es per second during each 
recording run. A potentidmeter on the gear train produced a 
d.c. voltage proportional to the angular position which was 
applied to the x-axis of an x-y recorder. [he pick-up 
microphone was a salibrated LC10 hydrophone the output of 
which was amplified,rectified by an envelope d2tector and 
the connected to a PsA.R. MOD 150 Boxcar Integrator. This 
instrument was used in such a way that a time delayed gate 
Which permits only the signal due to the direc acoustic 
path to be integrated. [he integrator provides as an output 
a dec. voltage which is proportional to th2 average 
amplitude of the jiemodulated puls2. The integrator provided 
a d.c. voltage as an output which was proportional to the 


average amplitude of the jemodulated pulse. 


A HP7561A Logarithmic Converter was used in order that 
the recorder could cover the large dynamic range of received 
Signals on tne sane sScal2. This output was appli2d to the 


Yeoadeis Ob: the recorder. 


The attenuator seen in fig. 47 was used to calibrate the 
k=y recording. This wWas especially necessary at signal 
levels or -20 dod or less celative td the main lob2 strength 


Since it was found that this decibel scale was not linear 
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Over Che Gntire range. 
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